The genetic variation in populations of the diamond-shaped squid Thysanoteuthis rhombus in the Pacific was examined through mitochondrial DNA analysis. Part of the cytochrome oxidase subunit I gene was amplified with the polymerase chain reaction (PCR) and sequenced for 23 individuals, five from each of three samples collected off Kyoto/Fukui, Okinawa Island, and the Ogasawara Islands in the western Pacific, and also for eight individuals from a sample caught off Galapagos Islands in the eastern Pacific. Resultant sequence data showed that there were seven variable nucleotide positions in the 399 base-pair segment of the gene and that all 23 sequences were grouped into six haplotypes. No marked genetic difference was observed between populations on both sides of the Pacific. The PCR -mediated SSCP (single-strand conformation polymorphism) analysis applied to a larger number of in dividuals of more than 200 from adjacent waters around Japan (off Kyoto/Fukui and Okinawa Island) revealed no divergence in haplotype frequency between these two regional samples.
The diamond-shaped squid Thysanoteuthis rhombus is distributed in the tropical-subtropical waters on a global scale.1-3) Around Japan, this species occurs both in Kuroshio and Tsushima Current regions, 4) and is one of the important fishery resources in the western coast of Japan along the Sea of Japan. Increasing fishing pressure on this species in the waters around Japan has prompted us to examine its population structure for providing useful information for resource management. In the present study, we investigated genetic constitution of some select ed samples of the diamond-shaped squid from the waters around Japan and a sample from the eastern Pacific through examining nucleotide sequence of part of the cytochrome oxidase subunit I (COI) gene in the mitochon drial DNA (mtDNA). This DNA segment of the COI gene was examined by polymerase chain reaction (PCR)-mediat ed direct sequencing for some individuals in each sample and also by the PCR-SSCP (single-strand conformation polymorphism) analysis for a larger number of remaining individuals. Intraspecific sequence variation within mtD NA has proven a powerful tool for examining population structure in marine organisms.5)
Materials
and Methods
Samples
Diamond-shaped squid Thysanoteuthis rhombus sam ples were collected from three locations in the waters around Japan; one in the Sea of Japan (off Kyoto and Fukui) and two in the Pacific Ocean (Off Okinawa Island and the Ogasawara Islands). In addition, one population sample collected off the Galapagos Islands in the eastern Pacific Ocean was used for comparison. Fifteen individ uals from Kyoto/Fukui, Okinawa, and Ogasawara (five in dividuals from each location), and eight individuals from the Galapagos were sequenced prior to SSCP analysis. For SSCP analysis, 100 individuals from the Sea of Japan (Kyoto/Fukui) and 101 from the Pacific (Okinawa) were used (Table 1) .
DNA Extraction, Amplification and Sequencing
Total genomic DNA was extracted from arm muscula ture of each squid. Removed musculatures were minced, and digested by proteinase K/SDS solution and purified Roff and Bentzen, 11) in which the significance is assessed by comparing to chi-square values generated by repeated randomizations.
The test was carried out using the MONTE program from REAP package12) and each test was based on 10000 randomizations.
Results

Sequence Variation of the COI Gene
Three hundred and ninety-nine base-pair (bp) segment of the COI gene was sequenced for 23 individuals from three locations (Kyoto/Fukui, Okinawa, and Ogasawara) on the west side of the Pacific and one location (Galapa gos) on the east side. Among these individuals, a total of seven nucleotide positions (positions 86, 89, 194, 218, 221,308, and 332) were found to be variable (Fig. 1) . Only variation at one nucleotide position of 218 was shared with more than one individual, while each of the other varia tions was observed in a single individual only ( Table 2) . As expected, all these variable sites were at third position of codon triplets (Fig. 1) , and all but one changes were transi tions ( Table 2 ). All the base substitutions were silent (syn onymous) changes that do not result in amino acid changes, so that all the variants can be considered as selec tively neutral.
Analysis of Relationships and Occurrence Frequency of Hapootypes
Nucleotide sequence difference between 23 individuals from the both sides of the Pacific ranged from 0.00 to 1.25% with an average (=nucleotide diversity) of 0.25%. Among these individuals, six unique haplotypes (A-F) were found in consequence ( Table 2 ). The haplotype A was most commonly observed on both sides of the Pacific, and the haplotype C followed (Table 2, Fig. 2 ). The other haplotypes were found respectively in only one individual; the haplotypes B and D in the western Pacific, E and F in the eastern Pacific. The maximum parsimony network Position number of the variable sites follows Fig. 1 . Nucleotide identity to reference sequence of Okinawa-#l (haplotype A) is indicated with a dot. *1 KYO =Kyoto/ Fukui, OKI=Okinawa, OGA=Ogasawara, GAL=Galapagos.
Fig. 2. Maximum parsimony network detailing evolutionary relation
ships among haplotypes observed in the diamond-shaped squid. The letter in the circle refers to the haplotype (see Table 2 ), and the area of each circle is roughly proportional to the number of in dividuals possessing each haplotype. The short bar crossing each radial arm denotes a nucleotide substitution. Tree length was seven steps with the consistency index (CI) = 1.00. (Fig. 2) showed that geographical proximity has no relevance to genetic-phylogenetic relationships among these haplotypes: although most divergent haplotypes (B and F) were found on the different sides of the Pacific, re spectively, next divergent pairs (B and D, and E and F) were observed within the same side. The frequency of oc currence of the six haplotypes were not different significant ly between populations on both sides of the Pacific (P=0.538).
PCR-SSCP Analysis
Then we investigated whether there was subtle genetic population structuring within the north western Pacific by using the PCR-SSCP method for a larger number of in dividuals. Prior to the mass screening, ability of nucleo tide substitution detection of SSCP analysis was checked with sequence determined samples. The haplotypes A-C could be distinguished from each other by the differential mobility of single-strand bands (Fig. 3) . The haplotype D was not distinguished from the haplotype C (Fig. 3) , but this haplotype D was one of the most minor one so that pooling this into the haplotype C seemed hardly to affect the result of mass screening. This result thus showed that One hundred individuals from the Sea of Japan (Kyoto/Fukui) and 101 from the Pacific (Okinawa) were subject to the SSCP analysis. The results are shown in Ta ble 3. The haplotype A was the most common haplotype in these locations, and the haplotype C + D was the next com mon. The haplotype B was found only in low frequency in the Sea of Japan. Banding patterns which should be as signed into new haplotypes other than known ones were not observed throughout. The frequency of occurrence of these haplotypes (A, B, C + D) was not significantly differ ent between the two locations, Okinawa and Kyoto/ Fukui (P=0.173).
Genetic Variation in
Diamond-shaped Squid Populations 541 Discussion
DNA Extraction and Amplification from Squid
The difficulty of DNA extraction from mollusks has been frequently observed primarily because of the mucus produced by the animals.13) However, in the present dia mond-shaped squid, DNA was easily extracted by both standard phenol/chloroform and simple Chelex extrac tions, with which PCR and PCR-mediated direct sequenc ing could be made successfully. Though it is not clear at present whether or not this observation can be applicable to all cephalopods, this indicates that DNA extraction, am plification and sequencing from, at least, some of cephalo pods could be done easily. 
Genetic Relationships of Populations in the Waters around Japan
The present mtDNA analysis suggests there was no evi dence for genetic differentiation in the diamond-shaped squid in the waters around Japan. Spawning site of the dia mond-shaped squid around Japan is estimated in the Kuroshio Current region from Kii Peninsula to Tai wan, 3, 15) and the squid in the Sea of Japan are considered to be transported from the south by the Tsushima Warm Cur rent, and not to reproduce in the Sea of Japan. 16, 17) The present result is compatible with these prevailing views on population structure of this species around Japan.
Genetic Relationships of Populations on the Both Sides of the Pacific
In the present study, no marked genetic difference was observed even between populations on both sides of the Pacific , though the statistical power to test this was limited due to lesser number of individuals examined.
Pelagic or ganisms in the open ocean are generally regarded as having low levels of population differentiation, resulting from probable ample opportunities of dispersal in various life history stages and the lack of physical barriers in the en vironment.
In recent years the population genetic structure of large pelagic fishes in the open oceans, such as tunas and marlins, has been studied, and indeed these organisms have been observed to show none or only very low levels of population structuring within the oceans.18-23) Further more, some species have revealed virtually no genetic differentiation even between populations in the Pacific and Atlantic Oceans.24,25) The result in this study suggests that the present diamond-shaped squid, as a large pelagic animal with considerable mobility, also possess homogene ous population structure similar to that observed in those large mobile fishes.
It is premature, nonetheless, from these observations to conclude that most pelagic organisms have such homogene ous structure of populations, because an unexpectedly high level of genetic structuring of populations has been discovered in an ubiquitous mesopelagic fish.26) The validi ty of the present suggestion that the diamond-shaped squid is genetically uniform throughout the Pacific needs to be further examined through obtaining much extensive data from more geographical samples and also from more DNA markers.
